Experimental Identification of Bearing Mechanical Losses with the Use of Additional Inertia  by Egorov, A.V. et al.
 Procedia Engineering  150 ( 2016 )  674 – 682 
1877-7058 © 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICIE 2016
doi: 10.1016/j.proeng.2016.07.076 
ScienceDirect
Available online at www.sciencedirect.com
International Conference on Industrial Engineering, ICIE 2016 
Experimental Identification of Bearing Mechanical Losses with the 
Use of Additional Inertia 
A.V. Egorova, K.E. Kozlova,*, V.N. Beloguseva 
a Volga State University of Technology, 3 Lenin sq., Yoshkar-Ola, 424000, The Russian Federation 
Abstract 
This paper is devoted to the development of a technique for identification of bearings mechanical losses, which were expressed in 
terms of the moment of mechanical losses in bearings. Its theoretical and experimental validation is given. The proposed 
technique is based on the retardation of the rotating masses system. The developed technique, as compared to commonly used 
techniques, gives more accurate results. The experimental results verified the predictions. The proposed technique can be 
implemented in the testing of bearings in the manufacturing companies to improve the product quality and in the acceptance 
check at the companies applying bearing units. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction 
The level of mechanical losses in bearings characterizing their performance is the criterion of degradation 
processes such as wear and back-to-back endurance, which influence operation capability, operating life, and 
operational safety of bearing units [1-5]. Hence, investigations aimed at the development of accurate experimental 
methods for identification of the bearing performance are significant in up-to-date mechanical engineering. 
Accurate identification of the bearing mechanical losses at the moment is hindered by their high performance, 
and their efficiency analysis is carried out either by calculation methods or by experimental ones, which are based 
on the identification of the performance of the entire system of rotating masses, which includes the test bearing [4-
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7]. Calculation methods do not take into account all the factors influencing the efficiency of the bearing unit; so for 
a more accurate investigation, preference is given to experimental methods. Among the experimental methods for 
identification of the mechanical efficiency of a system of rotating masses, the strain gauge method is commonly 
used [8]. The main disadvantages of this method are the need for calibration of strain sensors; the time needed to 
recover elastically deformed state of the strain gauge; the use of a brake to create the required torque on the shaft; 
the high cost of the equipment; susceptibility to the influence of temperature conditions. 
There is a technique described in [9], according to which the moment of mechanical losses of an electric 
machine, which includes bearing units, is determined by the retardation using a rotary body with a reference 
moment of inertia (reference body). The disadvantage of this technique is that the author ignores the influence of 
mechanical losses and inertia of bearing assemblies supporting the reference body. In [4,5], techniques to determine 
the performance of different systems of rotating masses during the induction motor accelerations are proposed. In 
those papers, the reference body is used as well. However, the authors did not take into account changes in the level 
of mechanical losses in bearing units when they installed the reference body on the electric motor shaft. Based on 
the analysis of the literature, we can conclude that the existing experimental methods and techniques do not allow 
identifying the performance of bearing units with a high accuracy. 
The purpose of this paper is to develop a technique for identification of the mechanical losses of bearings, which 
is devoid of the drawbacks of existing methods, easily reproducible and has higher measurement accuracy compared 
to existing methods, and also to propose further development of the developed technique. This requires not only 
theoretical but also experimental validation. 
2. Materials and Method 
In order to improve the accuracy of identifying the moment of mechanical losses in bearing units, based on the 
principles presented in [9], it is necessary to sufficiently accurately determine the value of the moment of 
mechanical losses in the system of rotating masses without the tested bearing (see. Fig. 1). 
Let us examine the proposed in this paper technique in more detail. 
2.1. Determination of the Moment of Mechanical Losses in the Bearing System of Rotating Masses without Losses in 
the Test Bearing 
Figure 1 is a scheme of the bearing system of rotating masses with reference bodies of the same weight, but of 
different values of inertia. 
In order to determine the moment of mechanical losses in the bearing system of rotating masses (the brake torque 
caused by mechanical losses in the bearing units), neglecting other losses (eg, air friction), we must perform the 
following steps. 
With the help of the fastening elements we mount the reference body 3 on the shaft 6 (Fig. 1). Then we accelerate 
the system of rotating masses with the reference body 3 by the drive motor 8, and then upon reaching the rated speed 
we disconnect the drive motor 8, and with the encoder 1 we register the values of the angular deceleration İ1 at the 
retardation of the system of rotating masses from rated to zero speed. The equation for the moment of mechanical 
losses in bearing takes the form:  
1 1 2 1( ) ( )MML SRM ref SRMM J J J J JH H          (1) 
Where, JSRM is the moment of inertia of the bearing system of rotating masses without the reference body; Jref is 
the difference between the values of the moments of inertia J1 and J2. 
Then we remove the reference body 3, and with the help of fasteners, we mount the reference body 9 (Fig. 1b). In 
this case the moment of inertia of the rotating masses is reduced and, hence, the resulting angular deceleration of the 
bearing system of rotating masses at the retardation from rated to zero velocity increases (due to decreasing the 
amount of energy that the reference body with a lower moment of inertia is able to accumulate). 
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Fig. 1. The scheme of the bearing system of rotating masses without the test bearing unit with different reference bodies of the same weight and 
of different values of the moment of inertia: (a) the reference body of the weight m and of the moment of inertia J1; (b) the reference body of the 
weight m and of the moment of inertia J2.  
1 is an encoder; 2 is a half-coupling for connecting a bearing system shaft to a shaft of a drive motor and an encoder; 3 is a reference body of the 
weight m and of the moment of inertia J1; 4 is a bearing assembly; 5 is a bearing assembly; 6 is a bearing system shaft; 7 is a half-coupling for 
connection to the shaft of the drive motor; 8 is a drive motor; 9 is a reference body of the weight m and of the moment of inertia J2. 
In this case the reference body’s weight remains unchanged and, therefore, the level of mechanical losses in the 
bearing assemblies remains unchanged as well. The electric machine is started, the angular velocity of the system of 
rotating masses is brought up to the rated one, then the drive motor is detached, so that there is the retardation, and 
the resulting angular deceleration of the bearing system of rotating masses with the reference body 9, İ2, is 
measured. 
So, the equation for the moment of mechanical losses in the bearing system of rotating masses takes the form:  
2 2( )MML SRMM J J H      (2) 
For both retardation processes (with the reference body 3 and with the reference body 9) the amount of 
mechanical losses remains unchanged, therefore, the right sides of Eq.(1) and Eq.(2) can be equated, and one can 
find an equation for the moment of inertia JSRM+J2:  
1
2
2 1
SRM refJ J J
H
H H
  

   (3) 
Knowing JSRM, J1 and J2, we determine the moment MMML caused by mechanical losses in the bearing assemblies 
according to the Eq. (1) or Eq. (2). 
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2.2. The Determination of the Moment of Mechanical Losses in the Test Bearing 
To determine the moment of mechanical losses in the test bearing assembly (braking torque caused by 
mechanical losses in the tested bearing assembly), it is necessary to perform the following steps. 
We set the test bearing assembly on the shaft of the bearing system of rotating masses  (Fig. 2). 
With the help of fasteners we mount the reference body 3 (Fig. 2). Then the bearing system of rotating masses 
with the reference body 3 is driven by the motor 8, then, when the rated speed of the motor is reached, we detach the 
motor 8 from the bearing system, so that the retardation process begins due to the action of frictional forces in the 
bearing assemblies, and with the help of encoder 1 we register values of angular deceleration İ3 at the retardation of 
the bearing system of rotating masses from the rated to the zero velocity. The equation for the moment of 
mechanical losses takes the next form:  
1 3 2 3( ) ( )MMLB SRMB ref SRMBM J J J J JH H         (4) 
Where, JSRMB is the total moment of inertia of the bearing system of rotating masses with the test bearing 
assembly without the reference body; Jref is the difference between the moments of inertia J1 and J2. 
Then we remove the reference body 3 and with the help of fasteners we mount the reference body 9 on the shaft 
of the bearing system of rotating masses. 
 
 
Fig. 2. The scheme of the bearing system of rotating masses with the test bearing unit with different reference bodies of the same weight and of 
different values of the moment of inertia: (a) the reference body of the weight m and of the moment of inertia J1; (b) the reference body of the 
weight m and of the moment of inertia J2.  
1 is an encoder; 2 is a half-coupling for connecting a bearing system shaft to a shaft of a drive motor and an encoder; 3 is a reference body of the 
weight m and of the moment of inertia J1; 4 is a bearing assembly; 5 is a bearing assembly; 6 is a bearing system shaft; 7 is a half-coupling for 
connection to the shaft of the drive motor; 8 is a drive motor; 9 is a reference body of the weight m and of the moment of inertia J2; 10 is a test 
bearing assembly. 
The bearing system of rotating masses is driven by the motor 8, the angular velocity of the bearing system of 
rotating masses is brought up to the rated velocity, then the motor 8 is detached, so that the retardation process of the 
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bearing system of rotating masses begins, and the resulting angular deceleration İ4 of the bearing system of rotating 
masses with the test bearing assembly and the reference body 9 is measured. 
So, the equation for the moment of mechanical losses in the bearing system of rotating masses takes the form: 
2 4( )MMLB SRMBM J J H      (5) 
For both retardation processes (with the reference body 3 and with the reference body 9) the amount of 
mechanical losses remains unchanged, therefore, the right sides of Eq.(4) and Eq.(5) can be equated, and one can 
find an equation for the moment of inertia JSRMB+J2:  
3
2
4 3
SRMB refJ J J
H
H H
  

   (6) 
Knowing JSRMB, J1 and J2, we determine the brake moment caused by mechanical losses in the bearing system of 
rotating masses with the test bearing assembly according to Eq.(4) or Eq.(5). 
Knowing MMMLB and MMML, we determine the brake moment caused by mechanical losses in the test bearing 
assembly according to the following equation:  
B MMLB MMLM Ɇ Ɇ     (7) 
2.3. The Instruments to Identify the Mechanical Losses in Bearings 
In order to measure the moment of mechanical losses in the process of the retardation, a hardware-software 
system (HSC), which consists of an encoder, transmitter (registrating unit) and a personal computer (PC) with the 
installed software to register and analyze the digital signal, was designed (Fig. 3). 
For the experimental validation of the proposed technique allowing improving the accuracy of the measuring 
process, the stand was designed and assembled on the basis of an asynchronous electric motor 2 (Fig. 4). This stand 
allows you to measure the retardation time and the deceleration of the system of rotating masses connected to the 
HSC. It is possible to detach the asynchronous motor 2 from the system of rotating masses in the course of its 
operation.  
 
Fig. 3. The scheme to identify the mechanical losses a bearing assembly 
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Fig. 4. Stand for the experimental validation of the technique for identification of the mechanical losses in bearing assemblies 
1 is a seat for fixing an additional rotary body with the reference moment of inertia; 2 is an asynchronous electric motor AIR 112MV6 (220/380 
V), 4 kW, n = 940 rev/min; 3 is an encoder; 4 are bearing units of a bearing system of rotating masses; 5 is a reference body 
3. Results and Discussion 
If based on the principle presented in [9], the scheme for identification of the moment of mechanical losses in a 
bearing assembly would be as follows (Fig. 5). 
The measurement would be carried out in the following sequence. First, the presented system without the 
additional system of rotating masses would be accelerated to the rated velocity by a drive motor. When the rated 
velocity was reached, the drive motor would be detached, and the deceleration values in the course of the retardation, 
İo, would be measured. Then, in a similar manner the deceleration of the system of rotating masses with the 
additional system of rotating masses with the reference body during the retardation from the rated to the zero 
velocity, İref, would be measured.  
Based on those measurements, one could calculate the moment of inertia of the rotating masses of the bearing 
system of rotating masses J and the moment of mechanical losses M0: 
 
Fig. 5. Scheme for identification the moment of mechanical losses in the bearing assembly, based on the principle presented in [9]  
1 is an encoder; 2 is a half-coupling; 3 is a reference body of the inertia Jref; 4 is a coupling; 5 is a test bearing; 6 is a bearing of the bearing 
system of rotating masses; 7 is a half-coupling; 8 is a drive motor 
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However, the authors did not take into account the moment of inertia of bearings rotary bodies and mechanical 
losses that occur in bearings supporting the reference body 3 (see unaccounted losses in Fig. 5). 
The proposed in the present paper technique solves this problem through the use of reference bodies of different 
moments of inertia, but of the same weight, thereby enhancing the measurement accuracy. 
In order to validate enhancing the accuracy of the measurement of the moment of mechanical losses in bearing 
units when using the proposed technique, we used the additional rotary body with the pre-calculated moment of 
inertia 11 (Fig. 6). 
In the experiments we used asynchronous electric motor AIR 112MB6 (220/380 V) of the power of 4 kW and the 
rated speed of 940 revolutions per minute. As the reference bodies, we used the rotary bodies of the equal weight 
and of different moments of inertia, 0.1123 kg×m2 and 0.1823 kg×m2. 
In the experiment, we measured the moment of inertia of the additional rotary body 11 in two ways (by the 
existing (Fig. 6) and by the developed techniques (Fig. 7)). 
In the application of both techniques 10 measurements were carried out, blunders were eliminated, the average 
moments of inertia values were found, and random errors were determined. 
3.1. Determination of the moment of inertia of the additional rotary body 11 by the existing technique 
According to the principle described in [9] we determined the moment of inertia of the system of rotating masses 
of the test asynchronous electric motor. Then we mounted to the back of the motor the additional rotary body 11 and 
determined the moment of inertia of the system of rotating masses of the test asynchronous motor with the rotary 
body 11 by the same technique. Absolute values of the difference between the obtained results were compared with 
the pre-calculated value of the moment of inertia of the rotary body 11. 
 
Fig. 6. Scheme for the experimental determination of the moment of inertia of the rotary body 11 by the existing technique described in [9]  
1 is an encoder; 2 is a half-coupling for connecting an asynchronous electric motor to the encoder and to the additional system of rotating masses; 
3 is a reference body of the weight m and the moment of inertia J1; 4 is a bearing unit; 5 is a bearing unit; 6 is a shaft of the additional system of 
rotating masses; 7 is a half-coupling for connecting an asynchronous electric motor to the encoder and the additional system of rotating masses; 8 
is an asynchronous electric motor; 11 is a rotary body, the moment of inertia of which was determined in the course of the experiment. 
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The obtained results are given in Table 1. 
Table 1. Errors of determining the moment of inertia of the rotary body 11 by the existing technique. 
n, rev/min 200-300 300-400 400-500 500-600 600-700 700-800 
Jcalc, [kg×m2] 0.0323 0.0323 0.0323 0.0323 0.0323 0.0323 
Jaem, [kg×m2] 0.0307 0.0310 0.0309 0.0308 0.0305 0.0302 
Jaem+rb, [kg×m2] 0.0612 0.0614 0.0609 0.0610 0.0605 0.0603 
Jrb, [kg×m2] 0.0305 0.0304 0.0300 0.0302 0.0300 0.0301 
¨, [kg×m2] -0.0018 -0.0019 -0.0023 -0.0021 -0.0023 -0.0022 
į, % -5.9 -6.3 -7.7 -7.0 -7.7 -7.3 
where, Jcalc is the pre-calculated moment of inertia of the rotary body 11; Jaem is the experimentally determined moment of inertia of rotating 
masses of the asynchronous electric motor without the rotary body 11; Jaem+rb is the experimentally determined moment of inertia of rotating 
masses of the asynchronous electric motor with the rotary body 11; Jrb is the experimentally determined moment of inertia of the rotary body 11 
found as the difference between Jaem+rb and Jaem; ¨ is the absolute random error of the measurement of the moment of inertia of the rotary body 
11; į is the relative random error of the measurement of the moment of inertia of the rotary body 11. 
3.2. Determination of the moment of inertia of the additional rotary body 11 by the developed technique 
According to the scheme presented in Fig. 7, we determined the moment of inertia of the rotary body 11 by the 
developed technique and compared its values with the pre-calculated ones. The obtained results are given in Table 2. 
 
Fig. 7. Scheme for the experimental determination of the moment of inertia of the rotary body 11 by the developed technique: (a) with the 
reference body of the weight m and of the moment of inertia J1; b) with the reference body of the weight of m and of the moment of inertia J2.  
1 is an encoder; 2 is a half-coupling for connecting an asynchronous electric motor to the encoder and the additional system of rotating masses; 3 
is a reference body with the weight of m and the moment of inertia J1; 4 is a bearing unit; 5 is a bearing unit; 6 is a shaft of the additional system 
of rotating masses; 7 is a half-coupling for connecting an asynchronous electric motor to the encoder and the additional system of rotating 
masses; 8 is an asynchronous electric motor; 9 is a reference body with the weight of m and the moment of inertia J2; 11 is a rotary body, the 
moment of inertia of which was determined in the course of the experiment. 
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Table 2. Errors of determining the moment of inertia of the rotary body 11 by the developed technique. 
n, rev/min 200-300 300-400 400-500 500-600 600-700 700-800 
Jcalc, kg×m2 0.0323 0.0323 0.0323 0.0323 0.0323 0.0323 
Jaem, kg×m2 0.0315 0.0317 0.0314 0.0312 0.0311 0.0311 
Jaem+rb, kg×m2 0.0635 0.0636 0.0632 0.06315 0.06319 0.06299 
Jrb, kg×m2 0.0320 0.0319 0.0318 0.03195 0.03209 0.03189 
¨, kg×m2 -0.0003 -0.0004 -0.0005 -0.00035 -0.00021 -0.00041 
į, % -0.9 -1.2 -1.6 -1.1 -0.7 -1.3 
 
On the basis of Table 1 and Table 2 it can be concluded that the accuracy of measurement of the moment of 
inertia and, hence, the moment of mechanical losses in bearing assemblies when using the developed technique have 
increased almost 6 times. 
4. Conclusion 
The results obtained in the course of the experiments demonstrated that the use of the developed technique allows 
significantly enhancing the accuracy of determining the moment of mechanical losses in the bearing assemblies. 
The developed technique can be used to evaluate the efficiency of different types of bearings, eliminating the 
need for strain measurement instruments, which require precise calibration of the strain sensors and have low 
registration accuracy, which greatly influences the measurement accuracy. The developed hardware-software 
complex allows controlling the mechanical losses in bearing units in the process of their production and operation. 
In the future as the development of the topic, it is expected to develop a simple design for the replacement and 
mounting the test bearing assemblies in order to reduce the complexity of the efficiency measuring process using the 
developed technique. It is also necessary to carry out investigations to determine the boundaries of the application of 
this technique to control mechanical losses of bearing assemblies of various types. 
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